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Introduction 
   Carbon monoxide is a product of incomplete combustion. Almost all of this 
lethal gas that affects motorists is produced by motor vehicles. It is well known 
that periods of maximum concentrations coincide with the morning and the late 
afternoon traffic rush. McCormick and Xintras (1962) note that while qualitative 
agreement was good between traffic count and carbon monoxide levels, 
statistical correlations between these quantities was not impressive. Moreover, 
they remark that in addition to natural wind which may exist, artificial gusts may 
be created by passing vehicles which may play an important role in the dispersion 
of gases and particulates. However, Brief, Jones and Yoder (1960) report that 
there is a high correlation between traffic density and average carbon monoxide 
concentration. Johnson, Dworetzky, and Heller (1968) on the other hand, state 
that carbon monoxide concentrations lag traffic volume during the increase and 
much of the decrease. Carbon monoxide does not build up as rapidly as traffic 
because the gas is exhausted into clean air in which dilution is relatively good, 
while a relatively dirty atmosphere prevents carbon monoxide concentrations from 
decreasing as rapidly as traffic. 
   During the summer of 1978, continuous recordings of carbon monoxide levels 
were made along a part of the freeway system of the Greater Los Angeles Area and 
at  three stationary sites adjacent to a freeway. The route followed the San 
Diego Freeway  (1-405) from  Bellflower Boulevard in Long Beach, westward to the 
Harbor Freeway  (Calif-11), and northward to the Pasadena Freeway (continuation 
of the Harbor Freeway), terminating at Avenue 43, a distance of about 30 miles 
(48 km) (Fig.  1). Two traverses were made during the afternoon rush hour. 
The first was on August 14 and the second on August 21, both on weekdays under 
typical Southern California summer weather. Observations at stationary sites 
were also made in August. 
Procedure 
   Carbon monoxide levels were measured on an Interscan Portable Carbon 
Monoxide Analyzer  #1148, and recorded on a Rustrak Recorder  it288. For the 
 * California State University, Long Beach
104  J-c.  KIMURA
 Fig. 1 San Diego, Harbor and  Pasadena Freeways
freeway traverses, the sensor was rested on the left door of the vehicle with the air 
intake faced outward. The speed of the automobile was 45 mph (70 kph), which is 
the minimum allowed on freeways, or less in congested  traffic. The freeways in 
Greater Los Angeles have eight traffic lanes. The vehicle proceeded on the 
 extreme right lane, which is the slowest. Because the wind was primarily 
southwesterly, carbon monoxide from the opposing traffic lanes was also measured.
Carbon monoxide levels along freeways 
   The average concentration of carbon monoxide along the freeways was 
generally lower than expected. It was noted that when traffic was moving at a 
steady pace outside of downtown Los Angeles, the mean levels ranged from about 
5 to 15 ppm with peak values to 20 ppm. There were only a few places along the
                Carbon Monoxide Concentrations in Greater Los Angeles 105 
route where traffic came to a standstill because of congestion. However, outside 
of the downtown area, these slowdowns were not prolonged and  traffic soon moved 
at a normal rate. Moreover, there were no vehicular accidents to tie up traffic. 
It appears that when vehicles were decelerating or when the engines were at idle, 
carbon monoxide concentrations were lower than normal. It was also noted that 
when traffic was moving at a steady rate, carbon monoxide levels were low, perhaps 
because of the gusts of wind the vehicles themselves produced. However, higher 
levels were evident when vehicles began to accelerate in low gear. There then 
appears to be a relationship between the engine RPM and the amount of gases 
which are being exhausted. High readings were also noted for larger vehicles 
regardless of the type of fuel that was being used. 
   Higher readings were recorded from about the Santa Monica Freeway through 
the tunnels at Elysian Park. This expanse traverses downtown Los Angeles and 
crosses the Hollywood Freeway. Fig. 2 shows that readings became increasingly 
higher from the Santa Monica Freeway as traffic congestion was encountered, 
which resulted in stop-and-go situations. The highest reading was 35 ppm. This, 
however, was recorded within the tunnels and only the automobile exhaust from 
the northbound lanes was measured. By comparison, levels of carbon monoxide
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 Fig. 2 Average Carbon Monoxide Levels along selected Freeways in Los Angeles. August 
     14 and 21, 1978 (1600-1650 hrs) 
were also recorded in August within a tunnel on Lakewood Boulevard, which 
passes under a runway of the Long Beach Municipal Airport. A total of eight 
samples were taken. These observations were then compared with the levels of 
carbon monoxide that were evident within the tunnels on the Pasadena Freeway at 
Elysian Park. The average peak reading in the Lakewood Boulevard tunnel was 
only 10 ppm while the mean was 5 ppm. In one sample, a peak concentration of 
26 ppm was recorded. This was caused by greater traffic volume. The greater 
concentration of carbon monoxide in the tunnels of the Pasadena Freeway
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compared with the lower levels in the Lakewood Boulevard tunnel is related to the 
volume of traffic. The average daily traffic volume on the Pasadena Freeway, 
according to the State of California, Department of Transportation, Traffic 
Operations, is 67,000. During the afternoon traffic rush the volume of traffic is 
5,350 (northbound lanes only). By comparison, the average daily volume through 
the Lakewood Boulevard tunnel is about 12,500 for the northbound traffic and 
14,500 for the southbound lanes, and the average hourly traffic volume at the 
time of measurement is about 800 for the northbound lanes and 1,700 for the 
southbound traffic. The higher reading in the Pasadena Freeway tunnels may 
also have been aggravated by the lack of wind access to the tunnels. While the 
tunnels on the Pasadena Freeway trend southwest-northeast, topographic barriers 
are found especially on the west and south sides. 
    Only the northbound lanes of the Pasadena Freeway are tunnelled. On 
Lakewood Boulevard, both the north and southbound lanes are within  tunnels; 
however, they are separated and no air exchange is possible. There is a series of 
four tunnels on the Pasadena Freeway at Elysian Park. They measure 800, 500, 
200 and 400 feet, respectively (245, 150, 60 and 120 meters). The Lakewood 
Boulevard tunnel is 950 feet (290 meters) in length and was excavated from a  flat 
surface to permit an airport runway to be built over it (Fig.  3). Although wind 
velocity observations could not be made, prevailing winds may have had 
easier access to the Lakewood Boulevard tunnel. 
Carbon monoxide levels at stationary sites 
   Concentrations of carbon monoxide were observed at three stationary sites. 
Two were off of the north side of the San Diego Freeway on Woodruff Avenue (both 
sides of the street), and the third site was on a bridge over the Freeway. 
   Woodruff Avenue runs parallel to, and is adjacent o the San Diego Freeway 
(Fig. 4). At the time of observation, the wind was from the southerly component 
with a velocity of 2.1 mps; therefore, much of the vehicular exhaust gases hould 
have been transported to the north side of the freeway. According to the State of 
California, Department of Transportation, traffic volume on a normal weekday at 
this site is approximately 175,000, with 16,000 vehicles for the peak hour. Despite 
the high traffic volume, carbon monoxide levels were recorded within a narrow 
range of 1 to 9 ppm, with a mean reading of 4 ppm. The values ranged from 1 to 
7 ppm with a mean of 3.5 ppm on the north side of Woodruff Avenue, which is 10 
meters from the freeway. This illustrates rapid dispersion with distance. 
   Levels of carbon monoxide were also observed directly over the freeway. 
The sensor was placed on a bridge on Orange Avenue, which is 10 meters above the 
freeway (Fig. 5). The wind was southwesterly with a velocity of 2.4 mps. There-
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fore, carbon monoxide from vehicles traveling in both directions was monitored, 
and the light traffic on Orange Avenue did not affect the readings. 
   Again, despite the heavy traffic on the freeway below, readings were on the 
low side. Traffic volume on the freeway at this site for a normal day is 
approximately 195,000 units, with a peak hourly vehicular count of 16,500. The 
values ranged from near 0 to a maximum of 11 ppm, with a mean reading of 3 ppm. 
It was noted that as large vehicles uch as tractor trailers passed, readings would 
become substantially higher. Compared with the Woodruff Avenue site that is 
adjacent to the freeway, the values on the bridge were slightly lower. This can 
probably be attributed not so much to the slightly greater wind velocity, but to 
the vertical distance from the freeway.
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Conclusion 
   It was stated earlier that carbon monoxide concentrations were lower than 
anticipated. Haagen-Smit (1966) conducted a similar study along the Pasadena-
Harbor Freeways and found concentrations to 120 ppm. Brief, Jones and Yoder 
(1960) cite peak carbon monoxide readings to 300 ppm through tunnels of large 
cities and a means of 70 to 100 ppm. Tiao, Box and Hamming (1975) suggest 
that there has been a general downtrend in the levels of carbon monoxide con-
centrations ince 1966, because of the progressively stringent emissions tandards 
for later model motor vehicles. In addition, samples in this study were taken in 
the summer when there is decreased carbon monoxide.  Mosher, MacBeth, Leonard, 
Mullins and Brunelle (1970) state that while carbon monoxide emissions are 
relatively constant throughout the year, the major variable affecting carbon 
monoxide concentration is the weather parameter. Because of the greater 
frequency of surface inversions in winter, concentration should be greater during 
this season. Moreover, sea breezes are stronger in summer; therefore, there is 
longer duration of transport and carbon monoxide should be carried farther from 
the city.
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